Pleural dissemination detected by computed tomography (CT) is considered to be unfavorable for patients with non-small-cell lung cancer (NSCLC). However, the prognosis of NSCLC patients who are diagnosed with pleural dissemination at the time of surgery has yet to be adequately elucidated. To assess the outcomes of platinum-based chemotherapy in NSCLC patients in whom pleural dissemination was detected during exploratory thoracotomy with or without a videoscope, the clinical records of NSCLC patients who were admitted to Shizuoka Cancer Center between September, 2002 and April, 2009 were reviewed. A total of 19 patients were included in this study, 12 males and 7 females, with a median age of 65 years. All patients were diagnosed with adenocarcinoma and 6 were epidermal growth factor receptor (EGFR) gene mutation-positive. The median number of treatment cycles of first-line platinum-based chemotherapy was 4 (range, 1-6 cycles) and the objective response rate was 21% [95% confidence interval (CI): 8.5-43]. The median progression-free and overall survival were 10.4 (95% CI: 6.3-18.4) and 50.5 months (95% CI: 32.5-98.0), respectively. Of the 18 patients with reported disease progression, 9 (50%) developed locoregional tumor progression. In conclusion, NSCLC patients in whom pleural dissemination is detected during surgery tend to have a favorable prognosis for survival. Systemic chemotherapy and additional local treatment may improve their clinical outcomes.
Introduction
In early-stage non-small-cell lung cancer (NSCLC), surgical resection is the core of curative treatment. However, unexpected pleural dissemination is occasionally detected during surgery. According to TNM revisions (7th edition) and new stage groupings proposed by the International Association for the Study of Lung Cancer (IASLC), patients with pleural dissemination are classified as stage IV (1, 2) . Therefore, when malignant pleuritis is identified during thoracotomy, resection of the primary tumor is considered to be a contraindication and the thorax is closed without performing resection (1) (2) (3) (4) (5) . In the majority of cases, these patients are administered systemic chemotherapy. Previous studies on platinum-based chemotherapy in patients with advanced NSCLC reported that the median progression-free survival (PFS) and overall survival (OS) were 3.1-4.8 and 11.4-15.2 months, respectively (6) (7) (8) . However, there is little available data on systemic chemotherapy and prognosis for NSCLC patients with pleural dissemination detected during surgery, compared to patients who are preoperatively diagnosed as stage IV by thorough examination. The aim of this study was to assess the outcome of platinum-based chemotherapy in NSCLC patients with pleural dissemination detected during surgery who did not undergo any form of resection.
Patients and methods
Study population. The subjects of this study were non-resected NSCLC patients with pleural dissemination detected during thoracotomy. Patient selection was performed based on the clinical records of NSCLC patients who underwent thoracotomy with or without videoscope at Shizuoka Cancer Center between September, 2002 and April, 2009. Ethics approval for this study was obtained by the Institutional Review Board. Written informed consent was obtained from the patients.
Of the 681 patients who underwent thoracotomy, pleural dissemination was identified in 31 patients during exploratory thoracotomy. Of these 31 patients who did not undergo any form of resection, 19 received platinum-doublet chemotherapy. The 19 patients underwent preoperative workup, including chest X-ray, bronchoscopy, computed tomography (CT) scans of the chest and spirometry. A thorough search for distant metastases was also conducted, including magnetic resonance imaging of the brain in 17 patients (89%) and positron emission tomography scans in 18 patients (95%), prior to exploratory thoracotomy. The epidermal growth factor receptor (EGFR) gene status was assessed by the peptide nucleic acid-locked nucleic acid polymerase chain reaction clamp-based method (9) .
Statistical analysis. Survival was defined as the time from surgery until death from any cause. The survival curves of the patients were calculated using the Kaplan-Meier method and statistical evaluation was performed by means of a log-rank test. P<0.05 was considered to indicate a statistically significant difference.
Results

Patients.
A total of 19 patients whose pleural disseminated nodules were identified during surgery were included in this study. The patient characteristics are listed in Table I . The patients comprised 12 men and 7 women with a median age of 65 years (range, 48-80 years). All patients had histologically confirmed adenocarcinoma. The EGFR gene status was evaluated in 10 patients (53%), of whom 6 were mutant, 5 had exon 19 deletions and 1 had an exon 21 point mutation (L858R). Reclassification was performed according to the TNM revisions (7th edition) and the new stage groupings proposed by IASLC (1) . No lymph node metastasis (N0) was diagnosed in 18 patients (95%) and N1 disease was diagnosed in 1 patient (5%). Pleural dissemination was detected in all the included patients and was confirmed by pleural biopsy during surgery. Positive pleural lavage cytology was diagnosed in 16 patients (84%). All patients were diagnosed as stage IV and did not undergo any form of resection.
Systemic chemotherapy. Patients were administered systemic chemotherapy following exploratory thoracotomy. The median time between surgery and systemic chemotherapy initiation was 17 days (range, 7-50 days). The chemotherapy regimens were as follows: 13 patients received carboplatin and paclitaxel, 2 received carboplatin and nab-paclitaxel, 1 received carboplatin and gemcitabine, 1 received carboplatin and paclitaxel plus bevacizumab, 1 received cisplatin and pemetrexed plus axitinib and 1 received cisplatin and gemcitabine. The median number of treatment cycles of first-line platinum-based chemotherapy was 4 (range, 1-6 cycles). The chemotherapy response was evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 (10) . The overall response rate (ORR) was 21% (95% CI: 8.5-43), stable disease (SD) was observed in 69% of the patients, progressive disease (PD) in 5% and the remaining 5% of patients were not evaluable. There were no treatment-related mortalities.
Survival. The median PFS and OS were 10.4 (95% CI: 6.3-18.4) and 50.5 months (95% CI: 32.5-98.0), respectively (Fig. 1) , and the 2-and 5-year survival rates were 84 and 37%, respectively. Following first-line platinum-based chemotherapy, disease progression was observed in 18 of the 19 patients. One patient has remained alive without disease progression for ~56 months; this patient is continuing bevacizumab as maintenance therapy following 6 cycles of carboplatin and paclitaxel plus bevacizumab as first-line chemotherapy. The sites of initial failure are shown in Table II . Of the 18 patients with disease progression, 9 (50%) developed locoregional tumor progression. The remaining 9 patients developed distant tumor progression and the majority had pleural disease progression.
In the EGFR-mutant group, the median PFS was 19.6 months (95% CI: 6.3-60.2). The median OS was not reached due to the limited number of mortalities. The median follow-up time was 55.3 months (range, 40.2-73.6 months) and the 2-and 5-year survival rates were 100 and 80%, respectively. In the EGFR wild-type or unknown group, the median PFS and OS were 9.8 (95% CI: 4.2-14.9) and 33.9 months (95% CI: 17.3-55.1), respectively, and the 2-and 5-year survival Table III . The 5 patients with EGFR mutations were administered anti-EGFR therapy as second-line chemotherapy. The EGFR gene status was wild-type in 5 patients and unknown in the remaining 8 patients.
The second-line chemotherapy regimens were EGFR-tyrosine kinase inhibitors (EGFR-TKIs) in 5, single-agent chemotherapy in 6 and doublet chemotherapy in 2 patients.
Discussion
In this study, the prognosis for NSCLC patients who received platinum-based chemotherapy following detection of pleural dissemination during surgery was significantly better compared to that of general stage IV NSCLC patients. Previous studies reviewed the N status and histological characteristics as prognostic indicators for patients with pleural dissemination identified during surgery and suggested that N0 status was a good prognostic indicator, reporting a 5-year survival rate of 24-35% (11) (12) (13) (14) . In this study, 18 of the 19 patients (95%) were classified as N0. Thus, the N factor may be an indicator of prolonged survival. As regards histological characteristics, Mordant et al (11) analyzed 27 NSCLC patients with pleural malignant disease detected during thoracotomy (21 adenocarcinomas and 6 other types of NSCLC) and reported that the histological characteristics were not significantly associated with overall survival (P=0.40). All patients included in the present study had adenocarcinomas. Therefore, whether histological characteristics had a tendency towards improved survival could not be determined. Pleural lavage cytology is also considered to be an important prognostic factor. According to the International Pleural Lavage Cytology Collaborators, a positive pleural lavage cytology result is an independent predictor of poor survival (15) . It was stated that the effect on the survival of patients with positive pleural lavage cytology justified upstaging patients by one T category. In this study, pleural lavage cytology was performed in 17 patients (89%) and although only 1 patient was negative and the remaining 16 patients were positive for malignancy, the prognosis was better compared to the M1a designation of the IASLC proposals for stage grouping in the 7th edition of TNM on lung cancer (1) .
With regards to the EGFR gene status, the consensus is that EGFR gene mutation is a strong predictor of a better outcome with EGFR-TKIs (16) (17) (18) (19) . Previous studies on NSCLC patients harboring EGFR mutations reported that the median PFS and OS were 9.6-10.8 and 30.5-35.5 months, respectively, with an ORR of 62.1-73.7% in patients receiving gefitinib as first-line chemotherapy, whereas the median PFS and OS were 5.4-6.6 and 23.6-38.8 months, respectively, with an ORR of 30.7-32.2%, in patients receiving platinum-based chemotherapy as first-line chemotherapy (16, 17) . In this study, in the EGFR mutant group, platinum-based chemotherapy was administered rather than EGFR-TKIs and the median PFS was 19.6 months. The median OS was not achieved (the median follow-up time was 55.3 months) and the ORR was 33%. The EGFR wild-type or gene status-unknown patients in this study also exhibited a longer OS compared to that previously reported (6) .
Pleural dissemination indicates the systemic spread of cancer. Systemic chemotherapy is indicated for patients Table III . Second-line chemotherapy.
EGFR gene status
Wild-type or (n=5) unknown (n=13)
Anti-EGFR therapy Gefitinib with pleural dissemination detected during surgery, which is classified as stage IV with M1a disease. Chemotherapy may suppress tumor progression or micrometastasis and contribute to the improvement of survival rates. As regards local treatment, previous studies supported surgery as an option for NSCLC patients with malignant pleuritis detected during thoracotomy, suggesting that it was beneficial to survival (11, 12, 14, (20) (21) (22) (23) . Furthermore, Mordant et al (11) reported a long-term survival of 16% and suggested that identification of clinical T1-2N0 NSCLC with previously undiagnosed pleural malignant metastatic disease may justify surgery as part of a multimodality treatment. In this study, all the patients were administered systemic chemotherapy, but none underwent resection. One patient underwent thoracic radiotherapy [stereotactic radiotherapy (SRT)] following platinum-doublet chemotherapy. That patient, whose EGFR gene status was mutant, was administered carboplatin and paclitaxel as first-line chemotherapy and the best overall response was SD. The tumor size remained unchanged for 8 months after the last administration of chemotherapy and SRT were performed as a curative attempt. The PFS of the patient was 60.2 months, whereas the median PFS was 10.1 months (95% CI: 6.3-15.7) in the remaining 17 patients. Of the 18 patients, 9 developed initial failure as local progression. A multimodality treatment centered on systemic chemotherapy following local treatment, such as limited resection or radiation, may improve the prognosis of such patients.
In conclusion, platinum-based chemotherapy for NSCLC patients with pleural dissemination detected during surgery demonstrated a favorable prognosis for survival. It is recommended that NSCLC patients with previously undiagnosed pleural dissemination are classified as a special group, for whom systemic chemotherapy followed by local treatment may improve clinical outcomes. Additional multimodality treatment trials are required in this population.
